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Local and Systemic Effects on the Epidermal Melanocyte Population in 
UV -irradiated Mouse Skin 
INGER K. ROSDAHL, M.D. 
Department of Dermatology, Sahlgren's Hospital, Gothenburg, Sweden 
Local and systemic effects of repeated UVB irradiation 
on the epidermal melanocytes have been studied in the 
C57BI mice. A daily dose of 0.1 joule/cm2 for 10 days 
induced a 4-fold increase in the epidermal melanocyte 
population of the irradiated right ear. During the first 
weeks after the irradiation period, there was a gradual 
increase in the number of melanocytes also in the 
shielded left ear, up to about 3 times the age control 
values. Thereafter, the population density slowly de-
creased in both ears, but it remained well above original 
values as late as 20 weeks after the irradiation. 
Thus, a short UVB irradiation period induces a long-
lasting increase in the number of epidermal melanocytes 
in irradiated skin areas, as well as in covered skin re-
gions. It is suggested that the population increase in the 
shielded ear is initiated by one or more systemic factors 
originating from the UVB irradiated skin. Such factors 
may be involved in the regulation of a balanced mela-
nocyte population over the entire body surface. 
The epidermal melanocyte system, and its immediate reac-
tion to light has been thoroughly studied during the last decades 
(1). It is well documented that UVB irradiation initially induces 
an increased production of melanin in the original melanocytes, 
and later an increased number of melanin producing melano-
cytes (1-3]. In contrast to earlier fmdings (4-6] Rosdahl and 
Szabo have recently demonstrated, that the epidermal mela-
nocytes are continuously proliferating cells, and that the UV. 
induced population increase is due to an enhancement in their 
mitotic activity [7,8]. 
The behavior of the melanocyte system during an extended 
time interval after an UVB irradiation period, has attracted less 
interest. It is common knowledge that the UV-induced tan 
slowly disappears with time, but it is not known if the melano-
cyte population is reduced in parallel [9]. The possibility that 
UVB irradiation in addition to its local actions may affect 
melanocytes in shielded skin areas via a systemic factor(s) has 
been mentioned in the literature [10,11). However, so far there 
has been no data published on such systemic effects. In an 
attempt to evaluate long-term effects of UVB irradiation on the 
melanocytes in irradiated and nonirradiated skin, the epidermal 
melanocyte population density has been followed in C57Bl mice 
up to 20 weeks postirradiation. 
MATERIALS AND METHODS 
Eleven-week-old C57Bl male mice (Forsvarets Forskningsanstalt 
(FOA), Stockholm) were used. In this black mouse strain epidermal 
melanocytes are normally found in the ear, tail and sole skin. Fifty 
animals had their right ear irradiated daily at 10 AM for 10 days. The 
left ear was folded back, covered with nontransparent tape and kept as 
a control. The tape was carefully attached to the skin in front of the 
ear base, and to the fur on top of the head, so that it was not in contact 
with the skin on the dorsal side of the ear. During the irradiation the 
animal was restrained in a horizontal plastic tube. This covered part of 
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the mouse's back, but permitted the rest of the animal to be exposed. 
The UVB source was a fluorescent sun lamp (Westinghouse FS) with 
a wave length spectrum of 290-350 run (peak out-put at 312 run) . The 
lamp to target distance was 50 ern. At this distance the irradiation 
caused no detectable temperature increase. The daily dose was equiv-
alent to 0.1 joule/cm2 towards a tangentially placed surface in the 
center of the beem. The energy output was measured by an EG&E 585 
spectroradiorneter. The actual dose received by the skin on the dorsal 
side of the ear was less, and varied with the animals' orientation of the 
ears. 
The animals were sacrificed by cervical dislocation 1 day, 1, 2, 3, 4, 
5, 6, 7'h, 9'h, 15 and 20 weeks after the irradiation period. The ears were 
cut at the base and the dorsal part was separated from the cartilage by 
forceps. Following incubation in 2 N Na Br the epidermis was split from 
the dermis. The epidermal sheets were incubated in L-3.4 dihydroxy-
phenylalanin (DOPA), and after dehydration mounted on glass slides 
[12,13]. The number of epidermal melanocytes were counted in corre-
sponding fields from the irradiated and unirradiated ear and expressed 
as number of melanocytes per mm2 skin surface. These estimates were 
based on counts from 10 ocular fields (0.92 mm2 each) using an objective 
with 10 X magnification. For skin with a high melanocyte population 
density it was necessary to use 25 X magnification to resolve individual 
melanocytes. 
Five additional groups of animals were studied as controls. 
Group I 
Nonirradiated animals were used as age control and sacrificed at 13 
(4 animals), 16 (5 animals), 20Yl (4 animals) and 28 weeks (5 animals) 
of age. 
Group II 
12 animals were taken through the standard irradiation procedure 
for 10 days, with the exception that the UV lamp was not turned on. 
Note that also these sham-irradiated animals had a shielding tape on 
their left ear. Six animals were sacrificed one week after the sham-
irradiation, the rest 7 weeks later. 
Group Ill 
Six animals had their right ear irradiated for 10 days as the experi-
mental group, but they had the rest of the body, including the eyes, 
shielded. These animals were sacrificed 6 weeks after the irradiation. 
Group IV 
Six animals had their left ear and their eyes covered and the rest of 
the body irradiated for 10 days as above. The animals were sacrificed 
after 6 weeks. 
Group V 
Five animals had their right ear irradiated daily as the experimental 
group but for 20 days. These animals were killed on day 2l. 
RESULTS 
The mice used in the present study had an initial melanocyte 
population density of about 300 cells/rnm2 in the epidermis of 
the dorsal side of the ear. This is considerably higher values 
than found for the same skin region in an earlier study (7,8] of 
the same mouse strain, bought from Jackson Laboratory, 
Maine. Most likely this difference is due to genetically deter· 
mined variations within the same mouse strain. Offsprings from 
the FOA mice brought up in our own laboratory under con-
trolled conditions, without UVB exposure, had the same num-
ber of melanocytes as their parents. Except for this difference 
the melanocytes had the same appearance, and were distributed 
in the same pattern in the 2 groups of animals. 
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FIG 1. Changes in the epidermal melanocyte population after a 10 
day UVB irradiation period. Filled (e ) and open (0 ) circles represent 
data from the irradiated and shielded ears respectively. Crosses (x): 
pooled data from both ears of age control animals (Group I) . Open 
diamonds (0 ): pooled data from shielded and naked ears of sham-
irradiated animals (Group II). There was no significant difference in 
melanocyte counts from the ears in these 2 groups of animals. The 
shaded band shows the mean ± SEM level in the shielded ear of the 
animals sacrificed 1 day after the irradiation period. Vertical bars 
indicate SEM. All counts from the irradiated ear (e ), and the shielded 
ear (0 ) beyond 1 week postirradiation were significantly different from 
age control values (x) ; (2p < 0.01, Wilcoxon's test) . The melanocyte 
number in the shielded ear was significantly lower (2p < 0.01, Wil-
coxon's test) than in the irradiated ear also in the later phase of the 
curve (cf. discussion) . For further details see Methods. 
During the irradiation period a slight erythema was seen at 
the pale base of the irradiated ear. No edema or blister forma-
tion of the skin was noticed. Toward the end of the irradiation 
period there was a mild scaling on the irradiated ear, while the 
shielded ear was macroscopically unchanged. After 10 days of 
irradiation, there was a visible greyish-tan on the irradiated ear 
compared to nonirradiated ear. This difference was not visible 
3 to 4 weeks later. 
Histologically, there was a marked thickening of the epider-
mis on the irradiated side, while the epidermis of the covered 
ear was as thin as in untreated animals. Immediately after the 
irradiation period, there was also an increased activity of the 
melanocytes in the exposed skin, as judged by the large amount 
of pigment in the keratinocytes. This gave a brownish back-
ground to the split skin preparations, which sometimes made it 
difficult to clearly define single melanocytes at low magnifica-
tion. After the irradiation was terminated, there was a gradual 
reduction in the background pigment, so that 5 to 6 weeks later 
the background was the same as in the nonirradiated ear. There 
was no obvious increase in the pigment production in the 
covered ear at any time during the postirradiation period, as 
compared to the age controls. This is notable, since the irradia-
tion induced a delayed increase in the melanocyte population 
also in the shielded ear (c.f. below) . 
Repeated UVB irradiation for 10 days induced a marked 
increase in the number of melanocytes, as shown previously 
(8,14]. In the present case there was a 4-fold increase in the 
melanocyte population, from about 300 to 1200 melanocytes/ 
mm2 (Fig 1, 2 A- B) . After the flrst postirradiation week, there 
was a gradual decline in the population on the irradiated side. 
It is possible that this decrease occurred in 2 phases, since the 
decay curve shows a tendency to a plateau between postirra-
diation week 4 and 10. Note that the melanocyte number still 
remained well above the starting level twenty weeks after the 
irradiation (2p < 0.01; Wilcoxon's test); (Fig 2 E-F) . 
There was also an increase in the number of melanocytes in 
the nonirradiated ear, up to about 3 times the control values 
(Fig 1). The increase was apparent flrst 1 week after the 
irradiation period, and the population density slowly increased 
towards the values for the irradiated ear during the following 
weeks (Fig 2 C-D). The 2 curves were almost parallel from the 
flfth week to the end of the investigation period. In spite of this 
similarity the melanocyte population was somewhat lower in 
the shielded ear throughout the period (2p < 0.01 for pooled 
values beyond 7"h weeks; Wilcoxon's test for paired differences) . 
Different types of controls were done to flnd an explanation 
for the observed increase in the melanocyte population of the 
nonirradiated ear. Age control animals (Group I) did not show 
any signiflcant change in the population density between 13 
and 27 weeks of age (Fig 1) . Even without a shielding tape, the 
irradiation caused no detectable temperature increase at the 
lamp to target distance employed, as tested with a sensitive 
thermometer. The increase can neither be explained by light 
leakage. Different types of tape were tried including aluminium 
foil and they all gave the same result. The UVB transmittance 
of these tapes were less than 5 x 10-• in the 300-400 run range, 
measured spectroradiometrically. Care was taken not to apply 
the shielding tape directly on the skin of the ear. However to 
exclude any mechanical trauma or "stripping effects" as the 
cause of change [15], a group of animals were taken through 
the same 10 day irradiation procedure, without turning on the 
light source (Group II). The number of melanocytes in these 
animals did not differ significantly from age controls for either 
ear, whether studied 1 or 8 weeks after the sham-irradiation 
(Fig 1) . These findings will also exclude the possibility, that 
unknown stress factors gave rise to the increased number of 
melanocytes in the shielded ear [16]. 
In animals with the entire body except the right ear shielded 
(Group III) and with only the eyes and the left ear shielded 
(Group IV) , there was an increase in the number of melanocytes 
in both ears, as in the original experiment (Table) . As seen in 
Fig 1 the increase in the melanocyte population in the shielded 
ear was apparent flrst 1 week after the irradiation. This late 
onset could indicate that the increase in the population was 
delayed by the irradiation. To te t this possibility 1 group of 
animals were irradiated during 20 days and studied 1 day later 
(Group V) . These animals had an increased number of mela-
nocytes in the shielded ear, corresponding to the level, which 
was reached 1-2 weeks after an irradiation period of 10 days 
(Table) . 
DISCUSSION 
The present study demonstrates that repeated UVB irradia-
tion induces a long-lasting elevation of the number of DOPA 
positive melanocytes both in irradiated and shielded skin areas. 
In the following discussion it will be assumed that the UV-
induced increase represents a genuine change in the number of 
melanocytes, due to mitosis, rather than a change in the func-
tional activity of the cells [6]. This assumption is based on 
earlier studies using the same experimental model. Cumulative 
labeling with tritiated thymidine, as well as stathmokinetic 
methods have demonstrated that melanocyte proliferation can 
account for the increase of the population during UVB irradia-
tion [7,8). Therefore, activation of enzymatically inactive me-
lanocytes seems to play little role for the change in the number 
of DOPA positive melanocytes in the present skin region. 
After 10 days of UVB irradiation there was a 4-fold increase 
in the number of melanocytes in the irradiated ear. This in-
crease was considerably smaller than the change found in an 
earlier study, with the same irradiation schedule [7]. However, 
the animals now used had a higher initial population density, 
and in both studies, there was a tendency for the melanocyte 
population to saturate around 1200 melanocytes/ mm2• This is 
a low-saturation level compared to human skin, which partly 
might be due to the poorly developed rete ridges in the mouse 
ear skin. 
The fmal factors regulating the size of the epidennal mela-
nocyte population, during different endogenous and exogenous 
conditions are not known. The melanocytes are intimately 
related to the surrounding keratinocytes (1) and their prolifer-
ation and melanin production may at least partly depend on 
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Frc 2. Distribution of epidermal melanocytes in the ear skin after a 10 day UVB irradiation period. The animals were sacrificed 1 day (A-B), 
5 weeks (C- D) and 20 weeks (E-F) after the irradiation period. A, C and E shielded ears. B, D and E irradiated ears. Photomicrographs from 
DOPA-incubated split skin preparations. Same magnification, scale bar 100 !-liD. 
cues from the keratinocytes [17-19]. During UVB irradiation 
the mitotic activity of melanocytes and keratinocytes co-vary 
[8], which suggest that they in this situation, may be influenced 
by a common fact,or. There are also indications that the mitotic 
rate of malignant melanocytes may be inhibited by specific 
melanocyte chalones [20]. Such factors have also been sug-
gested to regulate the normal melanocyte proliferation [20-
22]. The present study gives evidence for a systemic factor 
involved in the control of the melanocyte pool (see below). The 
number of melanocytes might also be controlled by contact 
inhibition [23] between the arborizing dendrites. Thus, there 
seems to be a very complicated regulation of the melanocyte 
population, with the final number of cells determined by the 
intricate balance between stimulating and inhibiting factors. 
After the short irradiation period the melanocyte population 
density remained high for several weeks, and was still exceeding 
control values 20 weeks Later. This result might either be due 
to a prolongation of the life span of the individual melanocytes, 
or to a lasting high mitotic rate, induced by the irradiation. 
In the earlier thymidine labeling study it was found that 2.6-
5% of the epidermal melanocytes in nonirradiated mouse ear 
entered S-phase each 24 hr [7]. As there was no increase in the 
total number of cells, this would correspond to a melanocyte 
life span of 3-6 weeks. This is a very approximate calculation, 
as the thymidine labeling was cumulative, but not continuous. 
Furthermore diurnal rhythm, or possible pools of noncycling 
melanocytes have not been considered. In the present study, 
the melanocyte population density peaked immediately after 
the irradiation at about 1200 cells/mm2 and declined to around 
BOO cells/mm2 in 4 weeks. Since the initial density was 300 
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Number of Melanocytes/mm2 (mean± SEM) in the dorsal ear skin 
of C 57 Bl mice 
Melanocytes/rnm' Experimental group" _______________ .:....._ _ 
III 
IV 
v 
No. of animals Irradiated ear Shielded ear 
6 
6 
5 
830 ± 94 
762 ± 34 
1337 ± 80 
819 ± 41 
692 ± 41 
613 ± 36 
• Group III had the right ear irradiated during 10 days and the rest 
of the body covered. Group IV had the left ear and the eyes covered 
and, the rest of the body irradiated for 10 days. Group III and IV were 
sacrificed 6 weeks postirradiation. Group V had the left ear covered 
and were irradiated for 20 days. These animals were sacrificed on day 
21. There was no significant difference between counts from the 
shielded and irradiated ears in group III and IV and corresponding 
values for the appropriate time interval for the main experimental 
group (p < 0,01, Wilcoxon's test) ; (cf. Fig 1) . For further deta.ils see 
Methods. 
melanocytes/mm2, this indicated that some of the newly formed 
cells disappeared from the pool in 4-5 weeks. This suggest, that 
the life span of the melanocytes was in the same order of 
magnitude, as in the earlier study of unexposed skin. Even if 
small changes in the melanocyte life time could not be excluded, 
this fmding favors the idea, that the persistent high level of the 
POpulation was due to a long-lasting increase in the mitotic 
rate. 
The increase in the number of melanocytes in the shielded 
ear seems to be a true biological response to the irradiation. 
Several control experiments demonstrated that the change 
~annot be explained by age, stress, mechanical stimulation, 
Light leakage or other experimental variables. The effect was 
not detectable until one week after the irradiation. This delay 
was not caused by the irradiation per se, since there was a clear 
effect in the shielded ear, when the irradiation was extended to 
~0 days (c.f. results). Thus, the fact that the increase occurred 
lil the postirradiation period seems to be coincidental and due 
to the long latency of the response. 
_The change in the shielded ear must be due to an enhanced 
nutotic activity, as the rate of the increase was too high to be 
explained by lengthening in the life time of the cells. It is 
Possible that the factor(s) responsible for this increase in the 
shielded ear also influenced the mitotic rate in the irradiated 
ear, since the 2 curves were practically parallel from the fifth 
~eek after the irradiation. However, the mechanism must be 
different from that giving the initial proliferation of the mela-
nocytes in the irradiated ear. Otherwise, the increase in the 
shielded ear, should not coincide with the early decline of the 
melanocyte population in the irradiated ear. It should be noted 
that the control of the number of melanocytes is different from 
the regulation of the melanin production. The increase in 
melanocyte number in the shielded ear occurred without an 
apparent increase in the melanin content of the epidermis. 
h The neuroendocrine regulation of seasonal coat color changes 
as been studied in certain mammals [24-26]. Available evi-~ence suggest that an increase in daylight, through the visual 
~P~t, decrease the release of melatonin from the pineal gland. 
his leads to an increase in the MSH release from the pituitary 
gland and a growth of pigmented hair [25-28]. The spectrum of 
daylight responsible for these changes is unknown. However, 
~he hypothesis that the increase in the melanocyte population 
Ul the shielded ear was induced through such a neuroendocrine 
Pathway was ruled out by covering the eyes of the animals ~Group III) . These animals had the same melanocyte number 
Ul both ears as the original experimental group (Table) . 
. The population changes in the covered ear was presumably 
lnduced by a systemic factor(s) originating from the irradiated 
e~. Clearly a only very limited skin area had to be irradiated, 
smce the same response was obtained, when the whole mouse 
except for the right ear was covered (Group IV, Table). This 
may suggest that the response was caused by the production of 
a mitoses stimulating factor, rather than by the removal of a 
mitoses inhibiting factor, such as a chalone. A systemic growth 
controlling substance might serve to balance the melanocyte 
population of the entire body surface, and thus increase the 
readiness of the skin for future sun irradiation. 
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